A novel, simple and eco-friendly method to synthesize thioamides from aryl nitriles and sodium sulfide (Na 2 S$9H 2 O) catalyzed by 1,8-diazabicyclo[5,4,0]
Introduction
Thioamides and their derivatives are useful synthons and reaction partners in organic chemistry, and oen found in vital biological and pharmaceutical molecules.
1 Meanwhile, as important building blocks, they are applied broadly in the areas of synthesis of many signicant sulfur-containing heterocycles, such as thiazolines, thiazoles, thiazolinones, thiadiazoles, tetrazoles, mesoionic rhodanine, betaines and other heterocyclic.
2-10 Therefore, the synthesis of thioamides which have received extensive attention. Consequently, a number of synthesis methods have been developed for the thioamides using various reagents under diverse reaction conditions.
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Conventionally, alternative sulfur sources such as Lawesson's reagent and its analogues are applied to the synthesis of thioamides (Scheme 1a). [19] [20] [21] Similarly, sulfur-phosphorus-type reagents have been developed for the synthesis of thioamides through nitriles or amides and carboxylic acids (Scheme 1a).
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However, these traditional methods oen require harsh reaction conditions and the yields are typically low, such as high temperature, the use of toxic and high boiling solvents, and moreover, suffer from a narrow substrate scope. Following the guidance of green chemistry, nd an environment-friendly way to synthesize thioamides is considered of high practical value.
Using ionic liquid as a solvent for organic reactions is a very interesting and attractive topic because it is both convenient and environmentally friendly. Ionic liquids becoming an effective medium in organic synthesis. In view of this, herein, we would like to report a simple green method for the synthesis of the thioamides based on the novel recyclable ionic liquid [DBUH] [OAc] via reaction of cheap, easily available sodium sulde (Na 2 S$9H 2 O) and nitriles at room temperature (Scheme 1b).
Result and discussion
Initially, we initiated the optimization of the reaction on simple benzonitrile (1a) ( In order to expand the scope of this system, various aromatic or heterocyclic nitriles were then examined ( Table 2 ). The experimental results disclosed that the substrates bearing electron donating or electron withdrawing groups underwent this reaction to produce thioamides in moderate to high yields (70-91%). The substrate bearing the electron-donating group CH 3 reacted smoothly with yields of up to 88% (Table 2, 2b, 2c) . The substrate bearing the electron-withdrawing group CN and CF 3 also reacted well with yields of up to 75% (Table 2 , 2l, 2m). The coupling of heteroaryl nitriles with Na 2 S$9H 2 O also performed well (Table 2 , 2t, 2u, 2v and 2w). Letrozole is an orally active nonsteroidal aromatase inhibitor for the treatment of hormonally-responsive breast cancer aer surgery, and it has two "CN" functional groups, the product 2y (64%) was obtained when 1.2 equiv. of Na 2 S$9H 2 O was used. However, when the amount of Na 2 S$9H 2 O was increased to 2.4 equiv., the product 2z was obtained with 73% yield. In general, it can be concluded from the results that the IL ([DBUH][OAc]) had broad applicability to substrates in this reaction.
Signicantly, the IL ([DBUH] [OAc]) used in this reaction was found to remain catalytic ability aer being three times. Yet the product yields only decline slightly (reducing from 88% in the rst run to 83% in the ve run). This result indicated that this system was recyclable for catalyzing the reaction of Na 2 S$9H 2 O with aryl nitriles.
So as to embody the application value of the method, we performed a gram-scale reaction (Scheme 2), the product 2a was easily obtained in 79% yield under the [DBUH] [OAc] ionicliquid at room temperature.
With the effective method of thioamides in hand, we next inspected the applicability of this method to prepare ethionamide which is an antibiotic used to treat tuberculosis.
Fortunately, the synthesis of compound ethionamide was successful proceed under optimum conditions, and the target product was acquired in 80% yield (Scheme 4).
Importantly, the products were easily afford pure thioamides. The present reaction provides a simple and straightforward access from readily available materials (nitriles, and Na 2 S$9H 2 O) to thioamides, which permits rapid access to various important compounds. For instance, the 1,2,4-thiadiazole 3a was isolated in 95% yield (Scheme 3a), 33 Moreover, styrene with NBS and subsequent addition of thiobenzamide 2a in water provided 2,4-diarylsubstituted thiazole 4a in 72% yield (Scheme 3b). 34 Furthermore, thiobenzamide 2a with iodobenzene to provide 5a in 57% yield, (Scheme 3c). to a 250 mL three-necked ask was added 40 mmol of DBU. Acetic acid (40 mmol) was then added slowly dropwise in ice bath. Aer dropwise addition, the ice bath was removed and the reaction mixture was stirred at room temperature for 24 h. The oil residue was dried in vacuo at 60 C for 24 h to afford [DBU] [OAc] as a light yellow, viscous liquid. The characteristic data is accord with the literature.
36
The general procedure of preparing all products is similar. Taking the model reaction as an example: benzonitrile 1a (1 mmol) and [DBUH] [OAc] (3 mmol) were added into a 10 mL bottle. Aer 2.0 h, by adding about 4 mL H 2 O aer the reaction to disperse the solid product, the reaction mixture was extracted with ethyl acetate (3 Â 4 mL) followed by H 2 O (5 mL), and the mixture was puried by column chromatography.
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